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7KH� VWDELOLW\� ERXQGDU\� RI� WKH� KRPRJHQHRXV� SKDVH� LV� FORVHO\� FRQQHFWHG�
ZLWK�LWV�HTXDWLRQ�RI�VWDWH��$Q\�HTXDWLRQ�RI�VWDWH��VXSSRVHG�WR�EH�YDOLG�IURP�WKH�SRLQW�RI�
YLHZ� RI� SK\VLFV� UDWKHU� WKDQ� MXVW� EH� DQ� LQWHUSRODWLRQ� IRUPXOD�� VKRXOG� EH� FUHDWHG� ZLWK�
UHJDUG� WR� WKH� VSLQRGDO�� 7KH� GHYHORSPHQW� RI� VXFK� HTXDWLRQ� DQG� ILQGLQJ� WKH VWDELOLW\�
ERXQGDU\�LV�WKH�PRVW�UHOLDEOH�DQG�FRUUHFW�ZD\�RI�GHWHUPLQLQJ�WKH�VSLQRGDO��

,Q�RUGHU�WR�GHWHUPLQH�WKH�VSLQRGDO�ZH�FDQ�XVH�WKH�XQLILHG�HTXDWLRQV�RI�VWDWH�DQG�
HYHQ� WKH� VLPSOH� HTXDWLRQV� RI� WKH� 9DQ±GHU�:DOV� W\SH�� IRU� H[DPSOH�� WKH� HTXDWLRQ� RI�
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ZKHUH�7F�Y� DQG��/7?/3�Y?V�DUH�WKH�IXQFWLRQV�RI�WKH�VSHFLILF�YROXPH�RQO\��WKHQ�WKH�GHULYDWLYH� �/3?/9�7 DORQJ� WKH� LVRFKRUH� ZLOO� EH� WKH� OLQHDU� IXQFWLRQ� RI� SUHVVXUH� DQG�
WHPSHUDWXUH�

7KXV�� LQ� RUGHU� WR� ILQG� WKH� VSLQRGDO� FRRUGLQDWHV�� RQH� FDQ� XVH� WKH� OLQHDU�
H[WUDSRODWLRQ�WR�]HUR�ZLWK�UHVSHFW�WR�WKH�LVRFKRUH�GHULYDWLYH��/3?/9�7�RU��7���

8QWLO� UHFHQWO\� RQO\� WKH� WKHUPDO� GDWD�ZDV� XVHG� WR� ILQG� WKH� KRPRJHQHRXV� SKDVH�
VWDELOLW\� ERXQGDU\�� +RZHYHU�� WKH� GHYHORSPHQW� RI� SURFHGXUHV� FRQQHFWHG� WR� WKH�
H[WUDSRODWLRQ� RI� RWKHU� WKHUPRSK\VLFDO� PDJQLWXGHV� LV� RI� JUHDW� LPSRUWDQFH� IRU� WKH�
HYDOXDWLRQ� RI� WKH� VSLQRGDO� FDOFXODWLRQ� WHFKQLTXHV� SUHFLVLRQ�� ,W� LV� QRW� GLIILFXOW� WR�
GHPRQVWUDWH� WKH� OLQHDU� GHSHQGHQFH� RI� WKH� 7��&3�&9� FRPSOH[� RQ� WHPSHUDWXUH� DQG�
SUHVVXUH�RQ�WKH�LVRFKRUHV��6LQFH�WKLV�FRPSOH[�WXUQV�WR�]HUR�DW�WKH�VSLQRGDO��WKH�VSLQRGDO�
FRRUGLQDWHV� DJDLQ� FRPH� WR� EH� LWV� OLQHDU� H[WUDSRODWLRQ�ZLWK� UHVSHFW� WR� WHPSHUDWXUH� DQG�
SUHVVXUH�DORQJ�WKH�LVRKRUHV��

$OO� VSLQRGDO� FDOFXODWLRQ� WHFKQLTXHV�JLYH� YHU\� VDWLVIDFWRU\� UHVXOWV�� ,Q� FDVH�RI�Q�
KH[DQH� WKH� VSLQRGDO� SUHVVXUHV� FDOFXODWHG�ZLWK� WKH� VSHFLDO� HTXDWLRQ� IRU� WKH�PHWDVWDEOH�
DUHD��ZLWK�WKH�HTXDWLRQ�RI�VWDWH��ZLWK�WKH�HTXDWLRQ�RI�+LPSDQ�DQG�)XUW��GLIIHU�RQO\�E\���
��EDUV��ZKLFK�FRUUHVSRQGV� WR� WKH� WHPSHUDWXUH�GLVFRUGDQFH� OHVV� WKDQ��.�� ,Q�FDVH�RI� WKH�
VSHFLILF� YROXPH� YDOXHV� RQ� VSLQRGDO� WKLV� GLVFRUGDQFH� GRHVQ¶W� H[FHHG� ������ )RU� RWKHU�
IOXLGV��ZDWHU��KHOLXP��DUJRQ��HWF��WKLV�GLVFRUGDQFH�LV�LQ�WKH�VDPH�UDQJH��

)LJXUH� �� �D�� E�� SUHVHQWV� WKH� UHVXOWV� RI� VSLQRGDO� FDOFXODWLRQ� ZLWK� WKH� GLIIHUHQW�
WHFKQLTXHV�� )OXLG� DUJRQ� VSLQRGDO� LV� REWDLQHG� IURP� WKH� HTXDWLRQ� RI� VWDWH� IRU� WKH�
PHWDVWDEOH� DUHD�� LVRWKHUPLF� FRPSUHVVLELOLW\� H[WUDSRODWLRQ� DQG�KHDW� FDSDFLW\�GLIIHUHQFH��
7KH�UHVXOWV�GLIIHU�E\������±�����ZLWK�UHVSHFW�WR�WKH�WUDQVIRUPHG�WHPSHUDWXUH��IRU�DUJRQ�
LW�FRUUHVSRQGV�WR����·����.��DQG�E\��±���ZLWK�UHVSHFW�WR�WKH�VSHFLILF�YROXPH��



7KH� IOXLG� QLWURJHQ� VWDELOLW\� ERXQGDU\� LV� IRXQG� IURP� WKH LVREDULF� KHDW� FDSDFLW\�
DQG�KHDW�FDSDFLW\�GLIIHUHQFH�H[WUDSRODWLRQ��7KH�GLVFRUGDQFH�LV�DERXW����ZLWK�UHVSHFW�WR�
WKH�VSHFLILF�YROXPH��

7KH�IOXLG�KHOLXP�KHDW�FDSDFLW\�GLIIHUHQFH�H[WUDSRODWLRQ�WHFKQLTXH�ZLWK�UHVSHFW�WR�
WKH� XQLILHG� HTXDWLRQ� RI� VWDWH� JLYHV� WKH� GLVFRUGDQFH� RI� DERXW� ����� ZLWK� UHVSHFW� WR�
WHPSHUDWXUH�DQG�OHVV�WKDQ����ZLWK�UHVSHFW�WR�YROXPH��
7KH� GLVFRUGDQFH� REVHUYHG� ZKHQ� FRPSDULQJ� GLIIHUHQW� FDOFXODWLRQ� WHFKQLTXHV� LV� TXLWH�
FRPSDWLEOH� ZLWK� WKH� FDOFXODWLRQ� HUURU� EXW� DW� WKH� VDPH� WLPH� LW� FKDUDFWHUL]HV� WKH�
FRRUGLQDWLRQ� GHJUHH� RI� WKH� WHFKQLTXHV� LQ� TXHVWLRQ�� 7KXV�� WKH� IOXLG� SKDVH� VWDELOLW\�
ERXQGDU\� FDQQRW� EH� IRXQG� ZLWK� PRUH� SUHFLVLRQ� WKDQ� ���±����� ZLWK� UHVSHFW� WR�
WHPSHUDWXUH�DQG��±���ZLWK�UHVSHFW�WR�VSHFLILF�YROXPH�
7KH�VWDELOLW\�ERXQGDU\�LV�OHVV�GHILQLWH�LQ FDVH�RI�WKH�VXSHUVDWXUDWHG�YDSRU�
7KLV� UHVHDUFK� KDV� EHHQ� ILQDQFLDOO\� VXSSRUWHG� E\� WKH� 5XVVLDQ� )RXQGDWLRQ� IRU� WKH�
)XQGDPHQWDO�5HVHDUFK��SURMHFW�� ������������
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SURMHFWLRQ�� ± 2��E�� 2 ± 3 ����  �3�3F��3  �9�9F��2  �7�7F ± WUDQVIRUPHG�SUHVVXUH��YROXPH�DQG� WHPSHUDWXUH��3F��9F��7F ± FULWLFDO�SDUDPHWHUV��� LVREDULF�DQG� LVRFKRULF�KHDW�FDSDFLW\�
H[WUDSRODWLRQ�WHFKQLTXH����± DUJRQ����± PHWKDQH����± R[\JHQ����± QLWURJHQ����± HWKDQH����
± FDUERQ� GLR[LGH�� �� ± KHOLXP�� HTXDWLRQ� RI� VWDWH� IRU� PHWDVWDEOH� DUHD�� �� ± DUJRQ�� �� �
GLHWK\O� HWKHU�� ��� ± Q�KH[DQH�� ��� ± ZDWHU�� XQLILHG� HTXDWLRQ� RI� VWDWH� ± ��� ± KHOLXP��
FRPSUHVVLELOLW\� H[WUDSRODWLRQ�� ��� ± DUJRQ�� LVREDULF� KHDW� FDSDFLW\� H[WUDSRODWLRQ�� ��� �
QLWURJHQ��


